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[57] ABSTRACT 
In order that print data edited by a host computer may 
be printed out by means of a printer having a shorter 
printing width than the length of the character line 
thereof, the edited print data is converted into a print 
pattern in an arrangement which is rotated by 90 de 
grees. This conversion is conducted by determining the 
coordinate positions of dots when the edited data is 
converted into a print pattern without being rotated, by 
rotating the coordinate positions by 90 degrees to deter 
mine the addresses of the rotated coordinate positions, 
and by writing these positions in the addresses of a page 
memory for writing the print pattern for one page. The 
print pattern is read in the order of the addresses out of 
the page memory and is fed to a printer. 

3 Claims, 7 Drawing Figures 
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METHOD FOR GENERATING A ROTATED PRINT 
PATTERN 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a controller for a 

laser beam printer and, more particularly, to a system 
for controlling the arrangement of a print pattern in a 
page memory. 

2. Description of the Prior Art 
In a printer according to the prior art, in which a 

print pattern is edited and printed for each page, the 
printing width in the direction of a line is determined by 
the effective printing width of the printing unit of the 
printer, thus making it impossible to print a line longer 
than the effective printing width. 
FIG. 1 shows the construction of a laser beam 

printer. This printer is connected with a host computer 
100 and a printer controller 200 and is equipped with a 
laser oscillator 301, a laser modulator 302, a reflecting 
mirror 303, a rotary mirror 304, a focusing lens 305, a 
photosensitive drum 306 and a developer 307. 
The coded printing information fed from the host 

computer 100 is converted into a print pattern and ed 
ited by the printer controller 200, and this print pattern 
is fed as an image signal to the laser modulator 302. On 
the other hand, the laser beam coming from the laser 
oscillator 201 is turned on and off by the laser modula 
tor 302 in a manner to correspond to the white and 
black of the print pattern and is guided onto the rotary 
mirror 304 by the re?ecting mirror 303. The beam thus 
re?ected is focused by the focusing lens 305 to form a 
latent image on the photosensitive drum 306. The latent 
image thus formed on the photosensitive drum 306 is 
developed into a visible image by the developer 307 and 
is transferred to a sheet of print paper, thus completing 
the printing operation. 

It is apparent that the printing width of the printer for 
one line cannot exceed the length of the photosensitive 
drum. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a printer controller which enables the afore 
mentioned printer to generate an image signal for print 
ing a character line longer than the photosensitive 
drum. 
Another object of the present invention is to generate 

a print pattern which is so edited that the character lines 
are arranged at a right angle with respect to the line 
scanning direction of the laser beam. 

In the printer controller for receiving the print data 
which is edited and transferred in the order the charac 
ter lines, according to the present invention, the re 
ceived data is converted into a print pattern which is 
expressed in terms of the existence of dots, and coordi 
nate information expressed by (X, Y) is given to each of 
the dots and is rotated by 90 degrees to determine a new 
coordinate so that the printing operation is conducted in 
accordance with the renewed coordinate. As a result, 
one page of print paper is printed with the data which 
has been rotated by 90 degrees with respect to the re 
ceived data. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing a laser beam 
printer system; 
FIG. 2 is a block diagram showing a printer control 

ler; 
FIG. 3 is a view for illustrating the arrangement in a 

page memory; 
FIG. 4 is a view showing the printing operation of the 

present invention; 
FIG. 5 is a view showing the detail of the arrange 

ment in the page memory of the present invention; 
FIG. 6 is a block diagram showing one embodiment 

of the present invention; and 
FIG. 7 is a ?ow chart showing the processings of a 

controller of FIG. 6. 

DESCRIPTION OF'THE PREFERRED 
EMBODIMENT 

The host computer 100 is made operative to edit the 
print data in the order of the character lines and to 
transfer the edited print data to the printer controller in 
the same order. This ordering is necessary for facilitat 
ing the editing operation. FIG. 2 shows the construc 
tion of the printer controller 200. With this printer con 
troller 200, the host computer 100 is connected as a 
master unit and a printer 300 is connected as a slave 
unit. In the printer controller 200, a code memory 201 
operates as a memory for storing the print data for one 
page, which has been received from the host computer 
100, in the form of a character code; a character genera~ 
tor 203 operates as a memory for storing a print pattern 
corresponding to each character code; and a page mem 
ory 204 operates as a memory for storing the dot infor 
mation, which is used to print one page of print paper, 
in bit patterns of “l” and “0” corresponding to the 
respective dots. The controller 202 writes a series of the 
character codes, which are received from the host com 
puter, in the code memory 201. Next, the controller 202 
reads the character codes one by one out of the code 
memory 201, reads the character pattern corresponding 
to the character codes out of the character generator 
203, calculates the written position of said character 
pattern on the page memory 204, and arranges said 
character pattern in the page memory 204. Thus, the 
controller 202 addresses the character pattern for each 
character in the page memory 204 and feeds a command 
to the printer 300, when the print data for one page has 
been addressed in the page memory 204, thereby start 
ing the printing operation. 
The printing position of a character on the print 

paper 308 is determined by the address of the page 
memory 204 in which the character is stored. This de 
termination will be described in detail with reference to 
FIG. 3 which schematically shows the format of the 
page memory 204 in an enlarged scale. The 0th to 399th 
bytes are areas which correspond to a scanline 0 of the 
print paper and which can store information of 400 
bytes, i.e., 3200 dots. Dots of circles without any print 
are stored to correspond to “0” whereas solid dots are 
stored to correspond to “1”. Likewise, a scanline 1 can 
store the 400th to 799th bytes, i.e., the dot information 
of 400 bytes. Likewise, each scanline can store the dot 
information of 400 bytes. The following example is 
directed to the case in which each character pattern is 
formed with a square of 32X 32 dots. If, in a usual case, 
the arrangement of a certain character pattern is started 
at the 1202th byte of the page memory 204, the highest 
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dot line of the character pattern is written in the four 
bytes from the third byte of a scanline 3, i.e., bytes 
1202th to l205th bytes, and the next to the top dot line 
of the character pattern is arranged in a scanline 4. The 
writing address is 4 bytes consisting of l602th to l605th 
bytes. If these writing operations are similarly contin 
ued, the writing address of the last dot line of the char 
acter pattern is 4 bytes which begins from 
1202 +400><31 :2082. Thus, since the arrangement of 
the character pattern in the page memory effects the 
assignment of the scanlines and the determination of the 
dot positions, it is understood that the printing position 
of the character on the print paper 308 is determined by 
the character pattern writing address on the page mem 
ory 204. Incidentally, the foregoing description is exem 
pli?ed for simplicity of explanation by the case in which 
each scanline is composed of 400 bytes, i.e., 3200 dots 
and in which the character pattern of one character is 
composed of 32x32 dots. Generally speaking, how 
ever, like discussion applies to the case in which each 
scanline is composed of N bytes and in which each 
character pattern is composed of nXn dots. 

In this manner, the print data of one page of the code 
memory 201 is converted into a pattern (i.e., image data) 
and is arranged on the page memory. 

In the usual case, the arrangement of the print data, 
which has been edited by the host computer 100 and 
written in the code memory 201, is the same as that 

(a stored in the page memory 204. 
Despite this fact, when the processing of the present 

invention is to be executed, the real arrangement on the 
page memory 204 is rotated by 90 degrees from the 
arrangement (i.e., the virtual arrangement) which has 
been edited by the host computer 100. 

Next, the concept of the rotational transformation of 
a page according to the present invention will be de 
scribed with reference to FIGS. 4 and 5. If the print 

. paper 308 is ‘fed in the direction of the longer side of an 
document sheet with respect to the photosensitive drum 

- . . 306 and if the character lines on the document are ar 

ranged in the paper feeding direction, as shown in FIG. 
4, a printing line which is longer than the photosensitive 
drum can be realized. FIG. 5 is a view illustrating the 
method for arranging the character pattern in the page 
memory 204. The bit address of the page memory is 
ordered in an increasing manner in accordance with the 
scanning direction of the laser. If the example of FIG. 1, 
in which each scanline is composed of 400 bytes, i.e., 
3200 dots, is also used here, the 0th to 399th bytes on the 
page memory are assigned to the scanline 0. 400 bytes 
are similarly assigned to each of the lines following the 
scanline 0. Since the example of FIG. 4 is assumed such 
that one page is composed of 3192 scanlines, the highest 
scanline of the page is the 319lth one. It is here assumed 
that the scanlines and their numbers taken in the scan 
ning direction of the laser are called “real scanlines” 
and “real scanline numbers”, respectively. On the con 
trary, virtual scanlines are newly introduced so as to 
accommodate the character pattern arrangement of the 
present invention. The virtual scanlines are provided to 
start their character lines from the lower lefthand cor 
ner of the print paper, as shown in FIG. 5. In other 
words, the virtual scanlines have character lines which 
are rotated by 90 degrees. Those virtual scanlines are 
ones which are given if it is assumed that the print data 
edited by the host computer is arranged without being 
rotated in the page memory. 
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The bit address 0 of the page memory is taken at an 

origin, and a Y axis is taken in the direction in which the 
real scanline number increases whereas an X axis is 
taken in the direction in which the positions of the print 
ing dots rise. And, the dot position in this coordinate 
system is expressed by (Xr, Yr). In the conventional 
case in which the character line direction and the laser 
scanning direction are coincident, the address (i.e., the 
bit address) A of the print pattern is expressed by the 
following equation: 

In this equation, letters Yr indicate the real scanline 
number, which is limited by 0; Yr§319l in the exam 
ple of FIG. 5, and letters Xr indicate the bit position for 
starting the print pattern, which is also limited by 
OéXré3l99. 

Likewise, the bit address 3200x3191 of the page 
memory is taken at the origin, and the Y axis is taken in 
a direction for the virtual scanline number to increase 
whereas the X axis is taken in a direction for the charac 
ter dot position in each virtual scanline to rise. And, the 
dot position in this coordinate system is expressed by 
(Xv, Yv). Then, this expression (Xv, Yv) indicates the 
coordinate position when the virtual arrangement ed 
ited by the host computer is addressed as it is on the 
page memory, as has been described above, and the 
scanline number and its bit position can be determined 
from the given byte address, as shown in FIG. 3. As a 
result, this determination can be executed from the data 
coming from the host computer by the calculations of 
the prior art. 

In the case of the present invention, the bit address 
rotated by 90 degrees from the virtual arrangement A is 
expressed by the following equation: 

In this equation, letters Yv indicate the virtual scanline 
number, which is limited by 0§Yv§3199 in the exam 
ple of FIG. 5, and letters Xv indicate the bit position for 
starting the print pattern, which is also limited by 
0éXvé3l9l. Incidentally, upon the arrangement of 
the actual print pattern, it is not always necessary to 
conduct the calculation for each character in accor 
dance with the foregoing Equations. For example, if the 
characters have an equal size and a zero spacing, the 
address Ai+1 of the (i+1)th character is calculated by 
the following equation when the address Ai of the pre 
ceding ith character is given: 

A1’ + 1 =Ai~ 3200 X (the dot number in the character 
width). 

The arrangement of the print pattern on the page 
memory means that the whole print pattern read out of 
the character generator 203 is so written in a predeter 
mined position of the page memory as to have the same 
shape as that to be printed on the book. This meaning 
will be supplementarily explained in the following. First 
of all, in the case of the prior art, the print pattern to be 
arranged in the page memory 204 is that which has the 
usual character direction. In the case of the present 
invention, on the contrary, the print pattern is required 
to have an arrangement which is rotated counter-clock 
wise by 90 degrees. Here, the method for generating the 
same print pattern is not discussed, but it is assumed that 
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the same print pattern has already been generated by 
any method by the time the print pattern is arranged in 
the page memory 204. An erect print pattern is read out 
and is rotated by 90 degrees for each character. In an 
alternative method, not only the erect print pattern but 
also the rotated print pattern are prepared in advance in 
the character generator 203. Next, the arranging 
method of the print pattern in the case of the present 
invention will be described in the following. When a 
row of characters A, B is transferred from the host 
computer and the patterns which are rotated by 90 
degrees for the respective characters are generated, the 
arrangements of these characters on the page memory 
will be described in the following. 

First of all, the dot position (Xv, Yv) is determined 
from the addresses of the character code A, which are 
generated by the host computer, and the bit address A1 
of such a position on the page memory as has been 
rotated by 90 degrees and as is to be really addressed is 
determined in accordance with the foregoing transfor 
mation Equation. 
For example, it is assumed that the character is com 

posed of 32:33 dots and that the dot row of each print 
pattern along the scanning direction of the laser is called 
the “dot line” such as the 0th dot line, the ?rst dot line, 
--- , and the 31st dot line in the order from above. At 
?rst, the 31st dot line of the print pattern is written in up 
to the addresses A1 to A1 +3l. Next, the 30th line of the 
print pattern is written in up to (Al-3200) to 
(A1—3200)+3l. These writing operations are subse 
quently continued until the 0th dot line of the print 
pattern is written in the addresses (Al-32OOX31) to 
(Ai-3200><3l)+3l. A next reference address A2 is 
determined by subtracting 3200 from the leading ad 
dress of the dot line of the preceding character, which 
has been ?nally written. 
One embodiment of the present invention will be 

described with reference to the accompanying draw 
ings. FIG. 6 shows the addition of a print pattern mem 
ory 205 to the construction of a printer controller 200 of 
FIG. 2. The print pattern memory 205 is a backup mem 
ory of the character generator 203 and may be exempli 
?ed by a disc memory which has a larger memory ca 
pacity but a longer access time than the character gen 
erator 203. In the print pattern memory, both a set of 
the print patterns which have the usual erect character 
direction and a set of the print patterns which are the 
same but rotated counter-clockwise by 90 degree are 
stored. The character generator 203 is a memory which 
can be rewritten. The printer 300 is equipped with a 
mechanism which can feed print paper of the cut type. 

Prior to the printing operation, either of the afore 
mentioned sets of the print patterns is selectively read 
out of the print pattern memory 205 and written in the 
character generator 203 in accordance with the control 
information indicating the rotational transformation as 
called for by the host computer 100. Next, the set of 
print patterns, which have been rotated counter-clock 
wise by 90 degrees in accordance with the aforemen 
tioned information indicative of the rotational transfor 
mation is used to arrange the print pattern in the page 
memory 204 in accordance with the aforementioned 
method of the present invention. 
FIG. 7 illustrates a portion of the processing program 

which is to be executed at the controller 202, and is a 
flow chart illustrating a speci?c example in which one 
print pattern is arranged on the page memory 204 by the 
method of the present invention. After the print pattern 
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6 
has been read out of the character generator 203, the 
initial values of the coordinates Xv and Yv are calcu 
lated and set in a counter, in the case of a new character 
line, and the arranging address Ai is calculated in accor 
dance with the foregoing equation. Next, the number of 
the dots of the character width is designated at n, and 
the [(n— 1)-j]th line of the print pattern is written from 
the address Ai of the page memory in the 
[Ai+(n—-1)]th line. When these operations are contin 
ued n times for the value j of 0 to (n— 1), then one print 
pattern is arranged on the page memory 204. If the print 
is made on the same printing line as the previous print 
pattern, the arranging step of the print pattern is simi 
larly executed after the value Ai has been corrected by 
[Ai- 3200 X (n+the number of dots for width of a char 
acter)]. Generally speaking, it is quite natural that the 
values of Xv and Yv have to be corrected (If the value 
Xv is invariable, only the value Yv has to be corrected) 
for each start of a new printing line. The print data thus 
addressed are consecutively read out of the 0th address 
in the order from the upper lefthand corner of FIG. 5, 
i.e., the real scanline 0 and are transferred to the printer. 

If a laser beam printer having an effective printing 
width of 13.5 inches (i.e., 343 mm) is used as a speci?c 
example of the cut paper, the paper of B4 size (i.e., 257 
mmX 364 mm) can be printed in the direction of its 
longer side. Incidentally, the print paper is speci?cally 
exempli?ed by the cut paper. However, it is needless to 
say that the method of the present invention remains 
effective even if the print paper is continuous. 
The print pattern memory 205 is a non-volatile mem 

ory, such as a disc or a ?oppy disc having a stationary 
or movable head. Although the embodiment thus far 
described is directed to the printer controller equipped 
with the print pattern memory 205, this memory 205 is 
not necessarily indispensable, and the character genera 
tor 203 may be a ?xed memory which is incapable of 
rewriting. In this case, the usual print pattern is exclu 
sively written in the character generator 203 so that the 
latter print pattern may be dynamically prepared from 
the former print pattern in accordance with the hard 
ware or program of the controller 202 at the time when 
the print pattern which is rotated counter-clockwise by 
90 degrees is required. One of the advantages coming 
from the provision of the independent memory such as 
the print pattern memory is that said memory can be 
used for another purpose such as for the operation of 
writing a format such as ruled lines, the title or the mark 
of a company so as to simultaneously print the format 
and the text. 
According to the embodiment of the present inven 

tion, the printing width of the document sheet can be 
enlarged. Upon this enlargement, that rotating process 
of the print pattern, which might otherwise exert a high 
.load upon the controller 202, can be omitted to make a 
contribution to the improvement in the performance of 
the printer controller partly by providing the print 
pattern memory 205 and partly by having the two sets 
of the print patterns, i.e., the usual print pattern and the 
print pattern which has been rotated counterclockwise 
by 90 degrees. The print pattern memory 205 converts 
a portion of the memory, which is mainly used for the 
storage of the program and the format, into the use of 
the aforementioned purpose so that its capacity to be 
occupied by the aforementioned sets of print patterns is 
limited to a slight ratio. 
The present invention can enjoy an effect that the 

degree of freedom for the printing types of the book can 
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be remarkably improved, while using the existing pho 
tosensitive drum as it is, with such a relatively small rise 
in the production cost as required to add the page mem 
ory 204 to the printer controller of the prior art. More 
over, it is not necessary to basically change the existing 
software for that of the host computer, which is used to 
ensure the improvement in the degree of freedom. 
What is claimed is: 
1. A method for generating rotated print pattern, in 

which print data in the form of character codes having 
a ?rst arrangement for one page of data is received and 
converted into a print pattern expressed in terms of dot 
patterns corresponding to said character codes in which 
the print data appears in a second arrangement to be 
printed which is rotated by 90 degrees as compared to 
said ?rst arrangement, the character codes being lo 
cated in said ?rst arrangement according to ?rst coordi 
nate information, and in which the dot patterns forming 
the rotated print pattern are written in a memory for 
storing the print pattern for one page of data and for 
allowing the dot patterns of said one-page print pattern 
to be read out in the order of a predetermined sequence 
of addresses and to be fed to a printer, comprising the 
steps of: 

(a) converting a ?rst portion of said print data having 
said ?rst arrangement into a converted print pat 
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tern in which each character code is represented by 
a dot pattern; 

(b) generating ?rst address signals representing said 
?rst coordinate information according to said ?rst 
arrangement of the print data for each dot of said 
converted portion contained in said print pattern; 

(c) generating second address signals forming second 
coordinate information according to said second 
arrangement of the print data in which the print 
pattern is rotated by 90 degrees from said ?rst 
arrangement by converting said ?rstv coordinate 
information to said second coordinate information 
for each dot of said converted print pattern; 

((1) writing said converted print pattern in locations in 
said memory in accordance with said generated 
second address signals; and 

(e) repeating the preceding steps (a) to (d) for another 
portion of said print data. 

2. A method as set forth in claim 1, wherein the steps 
(b) and (c) are conducted for one dot per one character 
line of said received print data. 

3. A method as set forth in claim 1, wherein said 
portion of said received print data comprises data for 
one character. 
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